Feline leukaemia viruses (FeLV) are associated with various diseases of the haemopoietic system in cats, including lymphoid and myeloid leukaemias and anaemia. We are particularly interested in the factors which determine cytotropism of these viruses, one of which might be the capacity of the envelope glycoprotein to attach to specific cells (Jarrett, 1980) . Recent investigations of the pathogenesis of erythroid hypoplasia caused by FeLV of subgroup C (FeLV-C) have suggested that a possible mechanism by which differentiation of erythroid cells ceases in this disease is by a direct and specific suppressive effect of virus on early erythroid cells (Onions et al., 1982) . We began, therefore, to investigate the interaction between FeLV viruses of the three subgroups (A, B or C) and erythroid cells by examining the effect of FeLV on mature erythrocytes. We investigated both haemadsorption (HAd) of erythrocytes to the surface of cells persistently infected with various types of FeLV and haemagglutination of erythrocytes by FeLV particles.
For the first time, HAd by retrovirus-infected cells was demonstrated. Feline embryo fibroblast cells of the FEA strain infected with FeLV were suspended at a density of 3 x 104 cells/ml, and 1 ml was seeded in each well in 16 mm diameter multiwell plates (Costar). After 24 h the culture fluid was replaced with flesh medium and the cells were incubated for a further 24 h. The fluid was then aspirated and 0.5 ml of a 29/oo suspension of erythrocytes in Dulbecco's complete phosphate-buffered saline (PBS) was added. The plate was incubated at 4 °C, room temperature or 37 °C for 15 min. HAd was observed after washing gently four or five times with PBS. Fresh blood was collected for testing from 13 species (cat, human, horse, cattle, sheep, pig, dog, goat, guinea-pig, hamster, mouse, rat and chicken) . The cells of four of these species (cat, hamster, horse and sheep) adsorbed to FeLV-infected cells to varying degrees. A summary of the results is presented in :~ l~rr, Not tested.
Cells infected with all of the FeLV-C viruses haemadsorbed, the activity of those infected with FeLV-C/Sarma and FeLV-ABC/FL74 being most intense. Cells which were infected with two other isolates (FeLV-ABC/FS97, FeLV-ABC/FA621) which contained a subgroup C component in addition to viruses of subgroups A and B also showed HAd (data not shown). Of the cells producing FeLV-A viruses, those infected with FeLV-A/Q182, the subgroup A component of FeLV-ABC/FL74, showed a comparatively strong HAd reaction. Only faint HAd of hamster erythrocytes was apparent on FeLV-A/Glasgow-1 and FeLV-A/58876 cells, and no HAd was observed on A/Rickard cells (data not shown). In general, HAd was stronger with cells infected with FeLV-C than with FeLV-A isolates. HAd was not detected on cells infected with any of the subgroup B viruses tested.
Hamster erythrocytes, which were collected from several donors and pooled, adsorbed most stably and intensely. Horse erythrocytes, which were collected from four donors, adsorbed to almost the same degree as the hamster cells and cells from each donor gave identical results. Erythrocytes were collected from 11 cats, but cells from only five of these animals adsorbed to FeLV-C/Sarma cells. Sheep erythrocytes haemadsorbed only to cells infected with some FeLV-C strains and the reaction was weak.
We first investigated haemagglutination by FeLV using FeLV-C/Sarma and FeLV-ABC/FL74 viruses. Virus was purified from culture fluids of FEA cells persistently infected with virus or, in the case of FeLV-ABC/FL74, from FL74 suspension cell cultures (Theilen et al., 1969) . The virus was passed through a filter with a pore size of 0.45 ~tm, pelleted by centrifugation at 27000 r.p.m, for 2 h, resuspended and banded in a 20 to 50~ sucrose density gradient. The virus was recovered by pelleting and was finally resuspended in PBS. The effect of enzymes or Tween-ether (TE) treatment for releasing haemagglutinin (HA) activity was examined. Neuraminidase from Vibrio cholerae (500 units/ml; Calbiochem-Behring) and phospholipase C from Clostridium welchii (5 units/mg; Sigma) were used as described by Witter et al. (1973 a) with the modification that since phospholipase C had strong haemolysing activity, 1 to 2 units/ml was used for the HA test with horse and sheep erythrocytes, and 0.5 to 1 unit/ml with hamster and cat erythrocytes. In each experiment PBS was used was used in place of virus as a control because non-specific HA and/or haemolysis derived from the enzymes were frequently experienced. HA was also prepared by TE treatment. Virus was mixed with equal volumes of 0-2~ Tween-80 solution in PBS and diethyl ether. After incubating at 4°C for 2 h with occasional vigorous shaking, the aqueous phase was recovered by centrifugation and residual ether was removed by flushing with nitrogen. TE was adopted for HA preparation in most experiments because of the fewer non-specific effects and slightly higher HA titres obtained compared with enzyme treatment.
When FeLV-C/Sarma or FeLV-ABC/FL74 viruses were prepared by centrifugation, faint HA was observed in each virus but a higher HA titre was obtained after further enzyme or TE treatment. In these cases, approximately 500 ~tg of the starting virus had an HA titre of 1 to 4 (1 to 4 HA units/50 p.1) without treatment, 32 to 128 after exposure to enzymes, and 64 to 256 after TE treatment. Using enzymes, only when the viral preparation was incubated with both neuraminidase and phospholipase C was complete haemagglutination observed. Likewise, Tween-80 by itself did not reveal HA activity in the virus and exposure to ether alone produced only a low titre of HA.
Several other FeLV isolates were tested for HA. We found that erythrocytes from three species (cat, hamster and horse) were agglutinated by all of the subgroup C viruses. The highest HA titres were obtained with hamster or horse erythrocytes and lower titres were observed using feline cells. Some subgroup C viruses agglutinated sheep erythrocytes but only weakly which was in accordance with the results of HAd (Table 1) . By the same token, the finding of HA in subgroup A viruses was unexpected. Thus, as well as FeLV-A/Q182, both FeLV-A/Glasgow-1 and FeLV-A/Boston viruses agglutinated cat, hamster or horse erythrocytes to a similar extent as the subgroup C viruses while FeLV-A/Rickard agglutinated hamster erythrocytes either not at all or to a titre of only 2 or 4. None of the three subgroup B viruses agglutinated erythrocytes under any of the conditions used.
Our findings confirmed previous results that FeLV had an HA activity after treatment with enzymes or TE (Witter et al., 1973a) . In that study haemagglutination involved a single combination of sheep erythrocytes and FeLV-ABC derived from FL74 cells. This interaction is, in fact, unusual since we found that of the viruses tested, only the FL74 virus (and FeLV-C/Sarma, which is believed to represent the subgroup C component of FL74 virus) agglutinated sheep cells. A finding which may be relevant to the interaction of FeLV-C and sheep cells is that sheep erythrocytes adsorbed also to mink non-producer cells transformed by feline sarcoma virus (FeSV) but not to untransformed mink cells or to mink cells transformed by murine sarcoma virus (data not shown). This connection brings to mind the reported presence of the 'feline oncornavirus-associated cell membrane antigen' (FOCMA) on the surface of both FL74 cells and FeSV-transformed mink cells (Sliski et al., 1977) and also the suggestions of a possible relationship between FOCMA and FeLV-C envelope glycoprotein (Russell & Jarrett, 1978; Vedbrat et al., 1983) .
To define the viral components involved in HAd, attempts were made to inhibit the reactions with antibodies to FeLV. The results of HAd inhibition using several cat sera as well as goat and rabbit antisera against virion polypeptides [gp70, p27, p l 5, p l 2, p l 0 and p l 5(E)] are shown in Table 2 . The HAd of C/Sarma cells was inhibited only by antisera against gp70 and pl5(E), or by cat sera which had virus-neutralizing antibodies. We have also found that radiolabelled FeLV HA is precipitated only by antibody to gp70 or pl5(E) (M. Mochizuki & O. Jarrett, unpublished observations). Taken with the present results of HAd inhibition, these findings indicate that HA and HAd may reside in the same viral structure, presumably the envelope spike. Similar coaaclusions were drawn about the HA activity of murine leukaemia viruses (Witter et al., 1973 a, b; Hunsmann et al., 1974; Sch~ifer et al., 1977; Schneider et al., 1979 Schneider et al., , 1980 . The reason why there is an interaction between erythrocytes and the surface of cells infected with FeLV-A or C and yet virtually no HA activity is found in mature, untreated viral particles is unknown. We make the assumption that the site on the cell surface and in the treated viral particles that binds to the erythrocyte membrane is the same. One reason for the difference may be that the configuration of the site on the spikes of the viral surface which is required for the virus to bind to the erythrocyte receptor changes when the virus buds from the cell membrane. Another possibility is that the final stage in glycosylation of the gp70 is the incorporation of Nacetylneuraminic acid (Witte et al., 1977) and if this process is completed upon budding it may mask HA activity which can only subsequently be uncovered by the action of enzymes or TE.
The interaction between FeLV isolates of subgroup C and feline erythrocytes is interesting in were used. The activities of these sera have been described previously (Neil et aL, 1980; Sch/ifer et al., 1975) .
Short communication
t HAd inhibition titre is the reciprocal of the serum dilution which gave complete inhibition of adsorption of hamster red blood cells to FEA cells infected with FeLV-C/Sarma.
:~ Neutralizing antibody titre is the reciprocal of the serum dilution which reduced the focus count by 75 ~o. The viruses used were pseudotypes of murine sarcoma virus with FeLV-A/Glasgow-l, FeLV-B/Sarma or FeLV-C/Sarma. view of the capacity of these viruses to cause erythroid hypoplasia in cats (Onions et al., 1982) . It is believed that this condition occurs due to a direct, lethal effect of FeLV-C on a specific erythrocyte precursor cell, the BFU-E (Boyce et al., 1981 ; Onions et al., 1982) . Since the essential feature of such specificity may be the presence of a high density of FeLV-C receptors on cells at this stage of differentiation, it is now important to determine whether these are the same receptors that are present on mature erythrocytes. In the present study some FeLV-A isolates were found to interact with erythrocytes. Although FeLV-A viruses are not known to cause the specific type of erythroid hypoplasia associated with FeLV-C, anaemia does occur in some cats infected with FeLV-A alone. We may now be able to answer the question of whether the possession of HA is related to the pathogenesis of diseases of erythroid cells by determining whether only those particular FeLV-A viruses that have an HA activity, like FeLV-A/Q182 described here, produce anaemia in cats. This work was supported by grants from the Leukaemia Research Fund, the Cancer Research Campaign and the Clinical Studies Trust Fund.
